In this paper, a novel approach is proposed to determine the electronic system components of a smart clothing system design developed for blinds. The integration of diverse components which are developed and produced by different technologies and materials is a major challenge in a smart clothing system technology. Therefore, an integrated methodology based on fuzzy analytic hierarchy process (AHP) and fuzzy information axiom is used for the solution of this problem.
Introduction
The lack of visual perception due to the physiological or neurological factors is known as blindness. According to the world health report, about 314 million people are visually impaired; among them, 45 million are blind. This means approximately 45 million people are depended on other humans for movement, information processing, and environmental interpretation due to the blindness 1, 2 .
. In addition to these RFID-tag based systems, Xiaohan et al. 21 developed a new self-positioning method that combines RFID, Bluetooth, and Fluorescent light Communication (FLC). Szeto et al. 22 suggested an interesting approach in the RFID tag systems that RFID reader antennas were embedded on a jacket.
In camera-based systems, cameras are used to capture visual information from the surrounding environment. The earliest camera based system was Navigation Assistant for Visually Impaired (NAVI), that was designed to convert images captured by a vision sensor into verbal messages using stereo earphone [23] [24] . Balakhrishnan et al. 25 and Sainarayanan et al. 26 developed Stereo Vision based Electronic Travel Aid (SVETA), composing of a helmet molded with stereo cameras that captures the images, wearable computer, and stereo earphones.
In sonar based systems, electrical impulse is converted into sound waves and the echoes of reflected sound waves are picked up by sonar equipment. One of the sonar based systems is the Navbelt, which involves ultrasonic sensors mounted on a belt with a computer [27] [28] [29] . Unlike the Navbelt, novel sonar based wearable devices have also been suggested like Andha Astra and Arm9-based embedded system [30] [31] [32] .
It is important for a usable electronic travel aid to let visually impaired individuals be hand free and comfortable during the navigation. The most suitable approach to let a user be hand free is embedding the whole system into clothes. Combining clothing with information technology is named smart clothing system including digital devices as a part of clothing. In the literature, this idea was suggested by some researchers. However, the implementation of electronic components into textile products was not given in detail in the literature. All of these works suggest attaching the components onto clothes [30] [31] [32] [33] [34] [35] . A major challenge of smart clothing system technologies is the integration of a multitude of diverse components which are developed and produced by different technologies and materials. Hence, designing a smart clothing system is a complex problem and each component of the system plays an important role on the performance of the design. Therefore, determining the type of sensors, type of actuators, and type of power supplies are critical topics in terms of performance of a smart clothing system. The main aim of this paper is to determine the most suitable components for a smart clothing system. For this purpose, the information axiom of axiomatic design is used to compose a smart clothing system. The rest of this paper is organized as follows; Section 2 presents the criteria and alternatives for the electronic components used in a smart clothing system design for blinds. Section 3 includes the fundamentals of axiomatic design. In Section 4, the steps of the methodology are given. An application is presented in Section 5. Then, concluding remarks are provided in Section 6.
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Criteria and A lternatives for the Selection among Electronic Components of a System
The embedded Microsystems in a smart clothing system exist directly in the clothing or in the clothing components like buttons. In this study, sensor type, actuators type, and power supplies which are used in this a smart clothing system are determined by taking some conflicting criteria into account. The first critical decision in this system design is to determine the type of sensor. According to previous studies, there are three possible sensor options to measure the distance to an obstacle. These are ultrasound, laser, and infrared (IR). These sensors are evaluated with respect to the power consumption, cost, size, weight, accuracy, usability, working range, and comfort level.
The second critical decision is the type of actuator. Actuator is a mechanical device that converts energy into some kind of motion. According to our system design, vibration, audio, or artificial muscle could be used as an actuator to ensure the user stimuli through feedback process. These actuators are evaluated with respect to power consumption, cost, size, weight, accuracy, usability, and comfort level.
The last component that should be considered is the type of power supply. For the power consumption of this smart clothing, the necessary energy is directly gained from the human body. Alternatively solar cells, mechanical, chemical cells, or thermal energy can be used. In Table 1 , some generators and their power abilities are presented. To evaluate the power supplies, power generation, cost, size, weight, accuracy, usability, working range, and comfort level criteria are used. 
Axiomatic Design Methodology and Its Axioms
Axiomatic Design (AD) is proposed by Suh 37 to establish a scientific basis to improve design activities by providing the designer with a theoretical foundation based on logical and rational thought process and tools. The primarily goal of AD is to provide a thinking process to create a new design or to improve the existing design 37 . In the axiomatic design methodology, there are four main concepts; (1) domains (2) hierarchies (3) zigzagging, and (4) design axioms. The domains consist of customer, functional, physical, and process domains. The functional and physical domains are the most used domains of all while the design map is generated. The functional domain includes the functional requirements of a design solution. Functional requirements (FRs) are a minimum set of independent requirements that completely characterize the functional needs of a design solution in the functional domain. The physical domain involves the design parameters of a design solution [37] [38] [39] . Design parameters (DPs) are the elements of a design solution in the physical domain that are chosen to satisfy the specified FRs. The hierarchies are composed by the decomposition of functional requirements and design parameters. The selected highest level of FR/DP is decomposed into the lower levels of FRs/DPs until the point is reached where applicable or understandable design solutions are obtained. To decompose FRs and DPs, zigzagging must occur between domains. Zigzagging is based on what a designer wants to achieve and how he/she achieves it [37] [38] [39] .
AD methodology takes its name from two axioms: the independence axiom and the information axiom. These axioms are defined as follows [37] [38] [39] . Axiom 1. Independence axiom: Axiom 1 requires maintaining the independence of FRs Axiom 2. Information axiom: Axiom 2 requires minimizing the information content
In this paper information axiom is used to determine electronic components for smart clothing design. In this view, the best components are selected with respect to the defined FRs. The information axiom states that the design having the highest probability of success is the best design 38 . Information content (I j ) is defined in terms of probability of satisfying FR j (p j ), where j th functional requirement. The information content is given by Eq. (1) (1)
The logarithmic function is chosen so that the information content can be additive when there are many FRs that must be satisfied simultaneously 37 . If there is more than one FR, the information content of a system (I system ) is calculated by Eq. (2)
The probability of success (p j ) is calculated by Eq. (3) common range p system range  (3) where system range and common range are defined by the area of system range and by the intersection area of the system range and design range which is determined by a functional requirement of the design, respectively. The definition of these ranges is given in Fig. 1 . Kulak and Kahraman [40] [41] developed the information axiom to be used under fuzzy environment for the solution of the complex decision making problems. The main difference between the conventional information axiom and the fuzzy information axiom is that the fuzzy information axiom uses fuzzy numbers. Kulak et al. 42 developed unweighted and weighted multi attribute axiomatic design approaches including both crisp and fuzzy criteria and applied the methodology to a equipment selection problem. Kulak 43 developed a decision support system for the selection of a material handling system. Then, Kahraman and Cebi 44 extended the usability of the fuzzy information axiom for various decision making problems. In the literature, the proposed fuzzy information axiom is used for the solution of the problems in several applications. Celik et al. 45 used the fuzzy information axiom to investigate a systematic evaluation model on docking facilities of shipyards. Celik et al. 46 proposed a hybrid approach on ensuring the competitiveness requirements for container ports by utilizing fuzzy information axiom and fuzzy technique for order performance by similarity to ideal solution (TOPSIS). Celik et al. 47 adopted the information axiom into the quality function deployment method in order to analyze shipping investment processes. Coelho and Mourão 48 used the information axiom to select an appropriate technology at a high decision level as required for the subsequent detailed design of a mechanical component. Kahraman et al. 49 used the information axiom to determine the best renewable energy investment alternative for Turkey. Cebi and Kahraman 50 developed a decision support system based on fuzzy information to be easily adopted with respect to the type of decision making problems.
Main Structure of the Proposed Methodology
The framework of the methodology is given in Fig. 2. 
Initial phase
The evaluation procedure starts with the establishment of an expert team. Then, the experts' weights are assigned with respect to their experiences. Assume that the expert team consists of m experts 
Definition of criteria phase
In this phase, evaluation criteria are determined by the expert team after a literature review. Then, their priorities are determined since each criterion may have a different impact on the final decision. The best way to determine the weights of the criteria is the pairwise comparisons of the criteria. In this paper, a modified fuzzy analytic hierarch process (AHP) proposed by Zeng et al. 51 is used to define the priorities of the criteria. In the classical AHP method proposed by Saaty 52 , 1-9 scale is used to calculate the priorities of the criteria. The odd numbers between [1] [2] [3] [4] [5] [6] [7] [8] [9] range are used to represent the linguistic evaluations more important, strongly more important, very strongly more important, and absolutely more important, respectively. Even numbers are used to express intermediate values. For the reverse comparison, the reciprocals of the corresponding numbers are used such as 1, 1/2, 1/3,….,1/9. However, in the modified fuzzy AHP developed by Zeng et al. 51 , experts give their preferences in fuzzy scale such as "about 5", "between 3 and 5", etc. If they are not sure about the exact numerical values, they leave some comparisons absent as they cannot compare two factors at all 51 . In this study, each expert makes pairwise comparisons of the criteria using fuzzy numbers defined by Zeng et al. 51 Then, evaluations are transformed in to standard fuzzy numbers. To calculate the priorities of the criteria, experts' evaluations for pairwise comparisons are aggregated by using Eq. (5). ...
where i S  is the fuzzy aggregated score of the ith criterion, ij S is the preference of jth expert for ith criterion, and  and  denote the fuzzy multiplication and fuzzy addition operators, respectively. Then, defuzification operation is used to defuzzify the fuzzy numbers. In Eq. (6), defuzification operation is given for trapezoidal fuzzy numbers. Let
A a a a a   be a trapezoidal fuzzy number,
The priority weights of the criteria in the aggregated comparison matrix are calculated by Eq. (7)
Evaluation Phase
In this phase, each alternative is evaluated under the defined criteria. Then, experts' preferences are transformed into fuzzy numbers and fuzzy numbers are aggregated by using Eq. (5) In this phase, the functional requirements of the design (design range) are determined to calculate the information contents of the design. Fig. 3 
Case 3. Ranking value problems;
Ideal FR definition is used to rank the alternatives 44 . The limits of FRs are chosen for benefit attributes for α=0, µ(α)=0 and for β=θ=X max (maximum upper value of the alternative in the problem), µ(θ)=1 and for cost attributes for α=β=0, µ(α)=1 and for θ=X max , µ(θ)=0.
Case 4. Threshold value problems;
This type of problems is defined as at least or at most. The at least is for benefit attributes and at most is for cost attributes. This is the special type of ideal FR definition. In this type, an alternative must satisfy the lower limit (α b ) of the functional requirement for benefit criteria and must satisfy the biggest limit 
Output Phase
In this step, weighted total information contents (I t ) are calculated (Eq. 11). Then the design that has the minimum total information content value is selected (Eq.12). 
Application
In this section, the some electronic devices which are embedded in a smart clothing system are determined. For this purpose, type of sensor, type of actuator, and type of power supply are the selected devices. To make the methodology easy to understand, it is given phase by phase.
Initial Phase
The expert team consists of three experts whose backgrounds are mechatronics, textile, and mechanical engineer. The weights of the experts based on their expertise are w e1 =0.3, w e2 =0.4, and w e3 =0.3 for experts 1, 2, and 3, respectively. And, the linguistic scale given in Fig. 4 is selected for the evaluation of the alternatives under the defined criteria. The explanation of the linguistic terms is presented in Table 2 . 
Definition of criteria phase
The criteria given in Table 2 are determined for the evaluation phase of the electronic components. In the evaluation phase, the linguistic terms given in Table 2 are used.
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Copyright: the authors To determine the importance degrees of the defined criteria given in Table 2 , a pairwise comparison matrix is constructed by each expert. Table 3 and Table 4 present the pairwise preferences of the experts and fuzzy numbers for experts' preferences. Experts' preferences are aggregated by using Eq. 5 and fuzzy numbers are defuzzified by using Eq. 6. The aggregated and defuzzified pairwise comparison matrix C is given below. Now, it is required to calculate consistency ratio of the pairwise comparison matrix 52 . The consistency ratio of the matrix is calculated as 8.57% based on Saaty's approach 52 . Since the value is smaller than 10%, the comparison matrix should be accepted as consistent. Then, the importance degrees of the criteria are obtained by using Eq. (7) as follows 0.04, 0.06, 0.14, 0.09, 0.25, 0.04, 0.19, 0.19, for power consumption/ generation, cost, size, weight, accuracy, working range, usability, and comfort level, respectively.
Evaluation Phase
Experts evaluate the alternatives by using the linguistic scale given in Table 2 . Their preferences are presented in Table 5 .
The experts' preferences are transformed into fuzzy numbers and fuzzy numbers are aggregated by using Eq. 5 (Table 6 ). Table 7 . Then, weighted information contents are calculated by using Eq.(11) ( Table 8) .
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Output Phase
According to the weighted information contents (Table  8) , ultrasound, vibration, and chemical cells are selected for the smart clothing system design as sensor, actuator, and power supply, respectively. However, ultrasound, vibration, and mechanical energy are also the best options when the importance degrees of the criteria are not taken into consideration (Table 7) . While the first row is not affected from the importance degrees of the criteria, the ranks of the components are changed. According to Table 8 , chemical energy is better than mechanical energy in terms of accuracy criterion since a chemical cell provides continuous and determined energy for the system and accuracy is the most important criterion in all. Therefore, chemical energy cells take the first row from mechanical energy. And also, ultrasound sensor is the best in terms of weighted and unweighted information contents. It has more advantage than the others in terms of power, cost, size, weight, and working range criteria. Vibration has more advantage than the other alternatives in terms of accuracy, weight, and usability criteria and its performance is close to the others with respect to the other criteria.
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Validation of the results
For the validation, of the results the technique for order performance by similarity to ideal solution (TOPSIS) methodology is used. The steps of the method have been presented as follows [53] .
Step 1 if j is benefit criteria. In this paper, the same scale is used for the each criterion, normalization procedure is not required. Hence, experts' preferences given in Table 6 are used.
Step 2. Construc tion of Weighted Decision Matrix: The weighted normalized fuzzy decision matrix is constructed.
The importance degrees of the criteria are applied to value given in Table 6 .
Step 3. Calculati on of Distances : Then, the distances ( The calculated distances are given in Table 9 .
Step 4. Calculation of Clos eness Coefficient: A closeness coefficient ( i CC ) is calculated by using
The closeness coefficients are presented in Table 10 .
Step 5. Ranking of alternatives: Hence, the alternatives are ranked via CC i such that the alternative has the biggest CC i value is the best in all for our goal. According to Table 9 , the results for sensors and actuators are the same with the results obtained from information axiom. However, for the power supply, solar cells are the best. Information axiom presents the chemical cells as the best alternative for the power supply. The main reason of this difference is that information axiom method restricts the solution with design range definition such that design ranges represent the decision goal. Hence, solar cells and thermal energy alternatives are omitted among the alternatives since they do not satisfy the design range for power criterion. However, fuzzy TOPSIS cannot restrict or eliminate alternatives since it uses fixed positive-ideal solution and fuzzy negative-ideal solution values. Therefore, solar cells and thermal energy alternatives are not omitted among the alternatives by the TOPSIS methodology although they do not satisfy decision goal.
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Conclusions
In this paper, an algorithm based on fuzzy AHP and fuzzy information axiom is presented to determine electronical devices for the design of a smart clothing system. In the study, sensor, actuator, and power supply devices of smart clothing design are taken into consideration. First of all, criteria and their importance degrees are determined for the evaluation procedure. To obtain importance degrees, fuzzy AHP proposed by Zeng et al. (2007) is used. Then, the alternatives are determined and an expert team consisting of three engineers is constructed. After that, the functional requirements for the smart clothing system design are defined. The linguistic judgments of the experts for the alternatives under the defined criteria are processed with fuzzy information axiom methodology with respect to the defined functional requirements. According to the results, the accuracy is thought to be the most important criterion in all, while power is the least important criterion. And, ultrasound sensor, vibration actuator, and chemical cell for power supply are selected as the best alternative for the smart clothing system design among types of sensors, actuators, and power supplies, respectively. In the industry, there are varieties of the chemical power supply such as alkaline battery, aluminum battery, lithium battery, Watson cell, fuel cell, lithium-ion battery, nickel-iron battery, etc.). For further research, these alternatives can be considered in the selection of the chemical power supply.
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